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ELECTRODE FOR p-TYPE SiC 



The present application is based on Japanese Patent 
Application No. 2002-314301, which is incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a silicon carbide (SiC) 
device. Particularly, it relates to an electrode for p-type 
SiC, used in an SiC device. 

2. Description of the Related Art 

Application of silicon carbide (SiC) to a radiof requency 
power device, a high-temperature device and an optoelectronic 
device has been expected and research toward practical 
application of silicon carbide (SiC) has advanced. A 
combination (TiAl) of titanium (Ti) and aluminum (Al) is 
generally used as a p-electrode for SiC device, that is, an 
ohmic electrode for p-type SiC (see Patent Document 1 and so 
on) . 

[Patent Document 1] 

Unexamined Japanese Patent Publication No. Hei-5-13812 
Generally, ^inmost cases, a deviceneeds an ohmic electrode . 
In a device using compound semiconductor, it is however generally 
impossible to obtain an ohmic junction between a semiconductor 



material layer and an electrode without any heat treatment, 
that is, Schottky characteristic appears when a metal layer 
is formed simply. On the other hand, in an ohmic junction based 
on a heat treatment, obtained contact resistance varies largely 
according to the semiconductor material, the electrode material, 
the heat-treatment temperature, the heat-treatment time, and 
so on. 

At present, Ti/Al expected as an ohmic contact material 
having low resistance to p-type SiC needs to contain a large 
amount of Al for reducing resistance and needs to be heat-treated 
at a temperature of about 1000°C though considerable reduction 
in resistance can be achieved by Ti/Al . A problem of reduction 
in device function and device life caused by deterioration of 
surface morphology and thermal damage to semiconductor crystal 
layers has been pointed out. 

SUMMARY OF THE INVENTION 

The invention is developed to solve the problem and an 
object of the invention is to provide an electrode for p-type 
SiC, which is good in surface homology and little in thermal 
damage to semiconductor crystal layers caused by the formation 
of the electrode. 

The present inventors have made examination repetitively 
and eagerly to achieve the foregoing object. As a result, there 
has been found the invention configured as follows: 



An electrode for p-type SiC, containing a first electrode 
material exhibiting an eutectic reaction at a temperature of 

600°C or higher, and a second electrode material comprising 
at least aluminum (Al) . 

According to the electrode for p-type SiC configured as 
described above, the first electrode material exhibiting an 
eutectic reaction with Al is added. Accordingly, ohmic 
characteristic can be obtained by a heat-treating step at a 
low temperature compared with the related art, so that surface 
flatness of the electrode is improved. In addition, thermal 
influence on semiconductor crystal layers can be restrained 
from being caused by the formation of the electrode. 
Accordingly, the use of the electrode for p-type SiC according 
to the invention permits production of an SiC device excellent 
in device characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 

Fig. 1 is a graph showing a result of an experimental 
example, that is, showing current-voltage (I-V) characteristic 
of each sample after a heat treatment at 600°C for 30 minutes, 
wherein the curve (a) shows Ga/Ti/Al and the curve (b) shows 
Ti/Al; and 

Fig. 2 is a view typically showing the configuration of 
an SiC device 1 as an embodiment of the invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The term "electrode for p-type SiC" used in the invention 
means an electrode formed on a p-type SiC semiconductor layer. 
5 The conf igurational type of p-type SiC semiconductor to which 
the electrode for p-type SiC according to the invention is 
applied is not particularly limited. Examples of the 
conf igurational type of p-type SiC semiconductor include a 4H 
type used in Embodiment which will be described later, a 6H 
10 type, a 15R type, a 21R type, and a 3C type. The kind of the 
device to which the electrode for p-type SiC according to the 
invention is applied is not particularly limited either. For 
example, the electrode for p-type SiC can be applied to various 
kinds of devices used in a radiof requency power device, a 
15 high-temperature device, an optoelectronic device, etc. 

The first electrode material is not particularly limited 
if the first electrode material is a material reacting with 
Si and exhibiting an eutectic reaction with Al at a relatively 
low temperature. For example, germanium (Ge) or the like can 
20 be used as the first electrode material. Because the addition 
of the first electrode material accelerates the reaction at 
a low temperature, decrease in the contact-forming temperature 
can be attained. 

The electrode for p-type SiC according to the invention 
25 contains a second electrode material of aluminum (Al) in addition 
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to the first electrode material. When aluminum is contained, 
reduction in contact resistivity canbe attained. Accordingly, 
the electrode for p-type Sic can be formed as an electrode better 
in ohmic characteristic. 
5 Preferably, the electrode for p-type SiC according to 

the invention further contains a third electrode material of 
titanium (Ti) . That is, the first electrode material of 
germanium, the second electrode material of aluminum and the 
third electrode material of titanium are preferably contained 
10 in the electrode for p-type Sic. When the third electrode 
material of titanium is contained as described above, greater 
reduction in contact resistivity can be attained. 

Further, each of the first, second and third electrode 
materials is not limited to a single element, and two or more 
15 elements canbe mixed to the extent that the necessaryproperties 
can be retained. 

Preferably, the electrode for p-type SiC according to 
the invention includes a layer of the first electrode material 
(hereinafter referred to as "first electrode material layer") . 
20 More preferably, the first electrode material layer is formed 
so as to be in contact with a p-type SiC semiconductor layer. 
For example, the electrode for p-type SiC according to the 
invention can by formed by the steps of: forming a layer of 
the first electrodematerial onap-type SiC semiconductor layer; 
2 5 subsequently laminating a layer of another electrode material 
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thereon; and heat-treating these layers. 

In a form in which the electrode for p-type SiC according 
to the invention contains a second electrode material in addition 
to the first electrode material, the electrode for p-type SiC 
preferably includes the first electrode material layer, and 
a layer of the second electrode material (hereinafter referred 
to as "second electrode material layer") . In other words, in 
the producing process, the first electrode material layer and 
the second electrode material layer are preferably formed . The 
laminating sequence of the first electrode material layer and 
the second electrodematerial layer is not particularly limited. 
Preferably, the first electrode material layer and the second 
electrode material layer are formed and laminated successively 
on the p-type SiC semiconductor layer side. Preferably, the 
first electrode material layer is formed so as to be in contact 
with the p-type SiC semiconductor layer in the same manner as 
in the aforementioned case. A layer of another material may 
be interposed between the first electrode material layer and 
the second electrode material layer. The first electrode 
material, layer and/or the second electrode material layer may 
be provided as a multi-layered structure. For example, the 
electrode for p-type SiC according to the invention may be formed 
so that a first electrode material layer, a second electrode 
material layer and a first electrode material layer may be 
laminated successively on the p-type SiC semiconductor layer 



side. 

In a form in which the electrode for p-type SiC according 
to the invention contains a first electrode material, a second 
electrode material, and a third electrode material, the 
electrode for p-type SiC preferably includes the first electrode 
material layer, the second electrode material layer, and a layer 
of the third electrode material (hereinafter referred to as 
"third electrode material layer") . In other words, in the 
producing process, the first electrode material layer, the 
second electrode material layer and the third electrode material 
layer are preferably formed. The laminating sequence of these 
respective layers is not particularly limited. Preferably, 
the first electrode material layer, the third electrode material 
layer and the second electrode material layer are formed and 
laminated successively on the p-type SiC semiconductor layer 
side. Preferably, the first electrode material layer is formed 
to be in contact with the p-type SiC semiconductor layer in 
the same manner as the aforementioned case. At least one layer 
of anothermaterialmaybe interposedbetween the first electrode 
material layer and the third electrode material and/or between 
the third electrode material layer and the second electrode 
material layer. The first electrode material layer, the third 
electrode material layer and/or the second electrode material 
layer may be provided as a multi-layered structure. 

A method for forming the first electrode material layer, 



the second electrode material layer and the third electrode 
material layer is not particularly limited. An MBE method, 
a vacuum vapor deposition method, a sputtering method, a 
resistance heating method, etc. may be employed. 

The electrode for p-type SiC according to the invention 
is formed by the steps of: laminating the electrode material 
layers (and other layers) on the p-type SiC semiconductor layer; 
and heat-treating these layers. Preferably, the p-type SiC 
semiconductor is cleaned (e.g., chemically cleaned) before the 
formation of the electrode material layers. This is for the 
purpose of laminating the electrode material layers in a good 
state. The heat treatment is carried out for the purpose of 
forming an ohmic contact between the p-type SiC semiconductor 
layer and the electrode for p-type SiC according to the 
invention. 

The heating temperature and the heating time are adjusted 
so appropriately that a good ohmic contact can be formed. 

In the invention, a heating temperature of 600°C or lower 
is used as the heating temperature at which thermal damage to 
a device can be suppressed as sufficiently as possible and at 
which the heating time can be shortened to meet industrial 
production efficiency. It is a matter of course that a heating 
temperature of higher than 600°C may be used if there is no 
thermal damage to the device. 

When the heating temperature is 600°C, the heating time 
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is selected to be preferably not shorter than 25 minutes, more 
preferably not shorter than 30 minutes. 

Preferably, the heat treatment is carried out in a vacuum. 
The heat treatment may be carried out in an inert gas atmosphere . 
A nitrogen gas, a helium gas, an argon gas, etc, may be used 
as the inert gas. 

An experimental example of the invention will be described 

below. 

The electric characteristic and surface flatness of a 
GeAl ohmic contact material for p-type 4H-SiC were examined 
in this experimental example. 

An electrode having a first layer of Ge, a second layer 
of Ti, and a third layer of Al was produced as a sample. A 
p-type 4H-SiC(0001) epiwafter with a dopant concentration of 
3.20 x 10 18 cm" 3 was used as a substrate. Al of 99.99 % purity,. 
Ge of 99.999 % purity and Ti of 99.99 % purity were used as 
base materials. The substrate was sacrif icially oxidized at 
1150°C for an hour so that an oxide film about 10 nm thick was 
formed in advance. After ultrasonic cleaning with acetone or 
methanol and writing of a circular pattern by photolithography, 
the oxide film was removed with diluted hydrofluoric acid. 
After the substrate was disposed in a vacuum evaporation system, 
a 60 nm- thick film of Ge was first formed by resistance heating, 
an 80 nm-thick film of Ti was then formed by electron beam vapor 
deposition and a 360 nm-thick film of Al was finally formed 



by resistance heating. Then, the sample was heat-treated at 
600°C in an ultra-high vacuum chamber with a base vacuum of 
the order of 1(T 8 Torr while I-V characteristic was measured 
at intervals of 10 minutes. 

Fig. 1 shows I-V characteristic of the Ge/Ti/Al contact 
(a) after a heat treatment at 600°C for 30 minutes and I-V 
characteristic of a Ti/Al (50 nm/141 nm) contact (b) after a 
heat treatment at 600°C for 30 minutes for the sake of comparison . 
Incidentally, the curve of (b) is nearly equal to the horizontal 
axis. A circular pattern having a diameter of 200 jim and a 
width of 8 Mm was used for the measurement. After the heat 
treatment at 600°C for 30 minutes, the Ti/Al contact (b) exhibited 
such Schottky characteristic that there was little current 
flowing in the Ti/Al contact (b) whereas the Ge/Ti/Al contact 
(a) exhibited ohmic characteristic. On this occasion, the 
specific contact resistance value measured by TLM measurement 
using patterns of concentric circles was 3.8 x 10" 4 (Qcm 2 ) . 
An embodiment of the invention will be described below. 
Fig. 2 is a view typically showing the configuration of 
an SiC device 1 as an embodiment of the invention. The SiC 
device 1 can be produced as follows. 

First, an n-type SiC substrate 10 is disposed in a chamber 
of a vapor phase epitaxy apparatus. A monosilane (SiH 4 ) gas 
and propane (C 3 H 8 ) as rawmaterial gases and a trimethyl aluminum 
((CH 3 )3A1) gas as an impurity gas with a hydrogen gas used as 
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a carrier gas are supplied into the chamber to form a p-type 
SiC layer 11 about 5 jim thick at a growth temperature of about 
1400°C. Incidentally, the p-type SiC layer 11 maybe also formed 
by a known method such as a molecular beam epitaxy method (MBE 
method) , a halide vapor phase epitaxy method (HVPE method) , 
a sputtering method, an ion-plating method, or an electron 
showering method. 

Then, an Si0 2 film 12 about 10 nm thick is formed in a 
surface of the p-type SiC 11 by sacrificial oxidization in an 
0 2 atmosphere at 1150°C for 60 minutes. After electrode 
patterning is made by photolithography, part of the Si0 2 film 
is peeled with diluted hydrofluoric acid. Then, a Ge layer 
21 about 60 nm thick is formed by an electron beam method. 
Similarly, a Ti layer '22 and an Al layer 23 are formed by an 
electron beam method and a resistance heating method 
respectively. Then, an electrode pattern is formed by a 
lift-off method. By the aforementioned steps, a p-electrode 
20 in which Ge, Ti and Al are laminated successively is produced 

as shown in Fig. 2. 

Then, a heat treatment is carried out in an ultra-high 

vacuum chamber at 600°C for 30 minutes to form an ohmic contact 

between the p-type SiC 11 and the p-electrode 20. 

Then, an n-electrode 30 composed of V and Al is formed 

on a surface of the n-type SiC 10 by a vapor deposition method. 

After the aforementioned steps, the step of separating the wafer 



into chips is performed using a scriber or the like. Thus, 
each SiC device 1 is obtained. 

The invention is not limited to the description of the 
embodiment at all. Various modifications that can be easily 
5 conceived by those skilled in the art may be included in the 
invention without departing from the scope of claim for a patent . 
It is a matter of course that the invention can be applied to 
other semiconductor devices using SiC, such as Group III nitride 
compound semiconductors on SiC. 
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